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Abstract
We discuss the phenomenology of the lightest stop in models where R-parity is broken by
bilinear superpotential terms. In this class of models we consider scenarios where the R-parity
breaking two-body decay t˜1 → τ+ b competes with the leading three-body decays such as t˜1 →
W+ b χ˜01. We demonstrate that the R–parity violating decay can be sizable and in some parts of
the parameter space even the dominant one. Moreover we discuss the expectations for t˜1 → µ+ b
and t˜1 → e+ b. The recent results from solar and atmospheric neutrinos suggest that these are
as important as the τ+b mode. The t˜1 → l+ b decays are of particular interest for hadron
colliders, as they may allow a full mass reconstruction of the lighter stop. Moreover these decay
modes allow cross checks on the neutrino mixing angle involved in the solar neutrino puzzle
complementary to those possible using neutralino decays. For the so–called small mixing angle
or SMA solution t˜1 → e+ b should be negligible, while for the large mixing angle type solutions
all t˜1 → l+ b decays should have comparable magnitude.
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I. INTRODUCTION
The search for supersymmetry (SUSY) [1, 2] plays an important roˆle in the experi-
mental program of present and at future colliders, e.g. the Tevatron, LHC, or an e+e−
linear collider. Therefore many phenomenological studies have been carried out in re-
cent years (see e.g. [3, 4, 5, 6] and references therein) focusing mainly on the minimal
supersymmetric standard model (MSSM) [7]. However, neither gauge invariance nor
supersymmetry require the conservation of R-parity. Indeed, there is considerable the-
oretical and phenomenological interest in studying possible implications of alternative
scenarios [8] in which R-parity is broken [9, 10, 11, 12]. These theories are of particular
interest as they lead to a pattern of neutrino masses and mixing angles [13] which can
account for the observed anomalies in solar and atmospheric neutrinos [14]. In general
the violation of R-parity could arise explicitly [15] as a residual effect of some larger uni-
fied theory [10], or spontaneously, through nonzero vacuum expectation values (vev’s) for
scalar neutrinos [9, 11, 12, 16]. In realistic spontaneous R-parity breaking models there
is an SU(2) ⊗ U(1) singlet sneutrino vacuum expectation value (vev) characterizing the
scale of R-parity violation [17, 18, 19, 20] which is expected to be in the order of 1 TeV.
There are two generic cases of spontaneous R-parity breaking models to consider. In the
absence of any additional gauge symmetry, these models lead to the existence of a physical
massless Nambu-Goldstone boson, called majoron (J) which is the lightest SUSY particle,
massless and therefore stable. As in the standard case in R-parity breaking models the
lightest SUSY particle (LSP) is in general a neutralino. However, it now decays mostly into
visible states, therefore diluting the missing momentum signal and bringing in increased
multiplicity events which arise mainly from three-body decays such as χ˜01 → f f¯ν, where
f denotes a charged fermion [49]. If lepton number is part of the gauge symmetry and R-
parity is spontaneously broken then there is an additional gauge boson which gets mass
via the Higgs mechanism, and there is no physical Goldstone boson [20]. In this case
R-parity violating effects relevant for collider physics are conveniently parameterized by
adding bilinear terms ǫiLiH2 to the MSSM superpotential and corresponding terms for
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the soft SUSY breaking part of the Lagrangian. Bilinear R-parity violation may also be
assumed ab initio as the fundamental theory. For example, it may be the only violation
permitted by higher Abelian flavour symmetries[21].
Owing to the large top Yukawa coupling the stops have a quite different phenomenology
compared to those of the first two generations of up–type squarks (see e.g. [22, 23] and
references therein). The large Yukawa coupling implies a large mixing between t˜L and t˜R
[24] and large couplings to the higgsino components of neutralinos and charginos. The
large top quark mass also implies the existence of scenarios where all MSSM two-body
decay modes of t˜1 are kinematically forbidden at the tree-level (e.g. t˜1 → t χ˜0i , b χ˜+j , t g˜).
In such case higher order decays of t˜1 become relevant [25, 26, 27, 30]: t˜1 → c χ˜01,2,
t˜1 → W+ b χ˜01, t˜1 → H+ b χ˜01, t˜1 → b l˜+i νl, t˜1 → b ν˜l l+, where l denotes e, µ, τ . Also
4-body decays may become important if the 3-body decays are kinematically forbidden
[28]. In [26, 27, 29, 30] it has been shown that in the MSSM the three-body decay modes
are in general much more important than the two body decay mode. Recently it has been
demonstrated that not only LSP decays but also the light stop can be a good candidate
for observing R-parity violation, even if its magnitude is as small as indicated by the
solutions to the present neutrino anomalies [6, 31, 32, 33]. It has been demonstrated that
there exists a large parameter region where the R-parity violating decay
t˜1 → b τ
is much more important than the 6Rp conserving decays
t˜1 → c χ˜01,2
in scenarios where two-body decay modes are possible. It is therefore natural to ask if
there exist scenarios where the decay t˜1 → b τ is as important as the three–body decays.
Note that in the R-parity violating models under consideration the neutral (charged)
Higgs–bosons mix with the neutral (charged) sleptons [34, 35]. These states are denoted
by S0i , P
0
j , and S
±
k for the neutral scalars, pseudoscalars and charged scalars, respectively.
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Therefore in the R-parity violating case one has the following three-body decay modes:
t˜1 → W+ b χ˜01
t˜1 → S+k b χ˜01
t˜1 → S+k b ν3
t˜1 → b S0i τ+ ,
t˜1 → b P 0j τ+
t˜1 → b l˜+i νl ,
t˜1 → b ν˜l l+ (l = e, µ) .
We will show that there exist regions in parameter space where t˜1 → b τ+ is sizeable and
even the most important decay mode. In particular we will consider a mass range for the
light stop t˜1, where it is difficult for the LHC to discover it in the MSSM due to the large
top background [36]. In contrast to the existing LSP decay studies in 6Rp models [37, 38]
which are mainly sensitive to the atmospheric neutrino anomaly parameters, the stop
decay processes considered here are very sensitive to the solar neutrino parameters and
therefore gives valuable complementary information.
The paper is organized in the following way: in the next section we will introduce
the model. In Sect. III numerical results for stop decays are presented. We first explore
the extent to which the decay t˜1 → b τ can be sizeable when compared with the 3–body
decay modes. Moreover, we discuss the connections between the decay modes t˜1 → b l+
and neutrino physics, in particular we discuss a possible test of the solution to the solar
neutrino puzzle. In Sect. IV we present our conclusions. The appendixes contain complete
formulas for the total widths of the three-body decay modes as well as for the couplings.
II. THE MODEL



























where i, j = 1, 2, 3 are generation indices, a, b = 1, 2 are SU(2) indices, and ε is a com-
pletely antisymmetric 2 × 2 matrix, with ε12 = 1. The symbol “hat” over each letter
indicates a superfield, with Q̂i, L̂i, Ĥ1, and Ĥ2 being SU(2) doublets with hypercharges





, and 2 respectively. The couplings hU , hD and hE are 3× 3 Yukawa matrices, and
µ and ǫi are parameters with units of mass.











































































Note that, in the presence of soft supersymmetry breaking terms the bilinear terms
proportional to the ǫi can not be rotated away except for the very special case Bi = B
and only if the scalar masses are adjusted in a special way. Such ’fine-tuned’ assumptions
at a low scale are, from our point of view, very unnatural. If realized at a high scale such
as the unification or GUT-scale, then the trilinear R-parity breaking couplings introduced
as a result of the rotation would re-introduce bilinear terms at the electroweak scale due
to the structure of the corresponding RGEs [39]. In contrast, bilinear terms are closed
under RGE evolution from the high scale to the electroweak scale [40].
In order to compare the t˜1 → b τ decay mode with the 3-body MSSM modes it is
sufficient for us to consider a 1-generation 6Rp model. Note however, that for the detailed
connection of stop decays with neutrino physics we must consider the complete model,
and we will do so in a second step when we discuss the connection with the solar neutrino
mixing. Finally, notice that we also allow for R-parity-conserving Flavour Changing Neu-
tral Currents (FCNC) effects, such as the process t˜1 → c χ˜01 involving the three generations
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of quarks in both cases.
Our 1-generation model is specified by the superpotential [41, 42, 43, 44]
W = htQ̂3Û3Ĥ2 + hbQ̂3D̂3Ĥ1 + hτ L̂3R̂3Ĥ1 − µĤ1Ĥ2 + ǫ3L̂3Ĥ2 (2)
For simplicity, in the remaining part of this section we adopt the 1-generation model
when presenting the formulas for the mass matrices which are needed in the subsequent
sections. The complete formulas for the 3-generation case are given in the second paper of
[13] and have been used whenever required. The electroweak symmetry is broken when the
two Higgs doublets, H1 and H2, and left slepton doublet L˜3 acquire vacuum expectation



























The mass of W is given by m2W =
1
4
g2v2, where v2 ≡ v21 + v22 + v23 ≃ (246 GeV)2. We




3). In addition to the above MSSM parameters, our model
contains three new parameters, ǫ3, v3 and B3, of which only two are independent, because
there is an additional tad-pole equation [41]. These may be chosen as ǫ3 and v3.




 M2Q + 12v22ht2 +∆UL ht√2 (v2At − µv1 + ǫ3v3)
ht√
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g′2(v21 − v22 + v23). The mass matrix




M2Q + 12v21h2b +∆DL hb√2(v1AD − µv2)
hb√
2
(v1AD − µv2) M2D + 12v21h2b +∆DR







v21 − v22 + v23
)
, ∆DR = − 112g′2(v21 − v22 + v23). The mass
eigenstates are obtained by (q = t, b): q˜1
q˜2
 =
 cos θq˜ sin θq˜











(M2q˜11 −m2q˜1)2 + (M2q˜12)2
, sin θq˜ =
M2q˜11 −m2q˜1√
(M2q˜11 −m2q˜1)2 + (M2q˜12)2
.
The bilinear term in Eq. (2) leads to a mixing between the charginos and the τ–lepton



























The lightest eigenstate of this mass matrix must be the tau lepton (τ± = χ˜±3 ) and so the
mass is constrained to be 1.77703+0.30−0.26 GeV[45] [50]
In our model, the one of the three neutrinos acquires mass at the tree level due to
a mixing between the neutralino sector and one of the neutrinos [11, 12, 46]. The neu-
tralino/neutrino mass matrix is
MN =










g′v1 12gv1 0 −µ 0
1
2
g′v2 −12gv2 −µ 0 ǫ3
−1
2
g′v3 12gv3 0 ǫ3 0

and M ′ is the U(1) gaugino soft mass. This neutralino/neutrino mass matrix is diagonal-














with mν3 = mχ˜05. Note that in [26, 27] a different basis for the neutralinos was used.
Assuming small R-parity violating couplings the tree-level neutrino mass is approximately
given by
mν3 ≈ −
(g2M ′ + g′2M)µ′2

















Notice that in mSUGRA models with bilinear R–parity violation [32] mν3 is calculable
through the RGE evolution and one finds in this case cancellations up to two orders
of magnitude for the combination Λ3 = ǫ3v1 + µv3. In general models the smallness of
mν3 requires relatively small ǫ3 values from the start as might arise, for example, in the
models considered in ref. [21]. The remaining two neutrinos acquire mass radiatively.
Rigorous quantitative results were given in the second paper in ref. [13]. Typically they
are hierarchically lighter than the heaviest neutrino, whose mass arises at the tree-level.
This way one accounts for the observed hierarchy between the solar and the atmospheric
neutrino mass scales.
Similarly, the Higgs bosons mix with charged sleptons and the real (imaginary) parts
of the sneutrino mix with the scalar (pseudoscalar) Higgs bosons. We denote the scalar
bosons by S0i , the pseudo-scalar by P
0
i and the charged bosons by S
±
i . The relevant
formulas have all been given e.g. in [35, 37]. However, since we will take one of the
pseudoscalar mass eigenvalues as input, it is worth briefly repeating here the discussion













− B3ǫ3 v3v2 −B3ǫ3
−µǫ3 −B3ǫ3 µǫ3 v1v3 − B3ǫ3 v2v3
 . (4)
As expected, this matrix has zero determinant, since the neutral Goldstone boson eaten
by the Z is one of the corresponding states. Therefore, the masses of the two physical
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(TrM)2 − 4(M11M22 −M212 +M11M33 −M213 +M22M33 −M223).
(5)

























2)v3 + ǫ3(µv1 − B3v2)(v21 + v22 + v23)
B3 is obtained from the minimum equation for given ǫ3 and v3 [35].
III. NUMERICAL ANALYSES
In this section we present our numerical results for the branching ratios of the lighter
stop t˜1. Here we consider scenarios where all two-body decays induced at tree-level are
kinematically forbidden except the b l+ decays. Before going into detail it is useful to have
some approximate formulas at hand [32]:





















2 ∼ 6× 10−7, fL =
√
2(tan θW N11 +3N12)/6













For the minimal SUGRA models one finds δm2
0
= O(1) which is basically independent
of the initial conditions due to the m0 dependence both in the numerator and in the








The complete formulas are given in [31, 32], while for the three–body decays they are
given in Appendix A. They reduce to the ones given in [26, 27] for vanishing R-parity
violation parameters.
We have fixed the parameters as in [27] to avoid colour breaking minima, while in
the top squark sector we have used mt˜1 , cos θt˜, tan β, and µ as input parameters. For
the sbottom sector we have fixed MQ˜,MD˜ and Ab as input parameters whereas for the




,ML˜, and Aτ as input [51]. In addition we have chosen
the R-parity violating parameters ǫ3 and v3 in such a way that the heaviest neutrino mass
is fixed with the help of Eq. (3). For simplicity, we have also assumed that the soft SUSY
breaking parameters are equal for all generations.
In order to get a feeling for minimal size of branching ratios that can be measured let
us first shortly discuss the expected size for the direct production of light stops at future
colliders. One expects for example at the LHC a production cross section of ∼ 35 pb
for 220 GeV stop mass. Therefore, once the full luminosity has been reached, one has to
expect approximately 3.5 106 events per year. The corresponding stop production cross
section at a future e+e− linear collider of 800 c.m.s. energy is of O(10− 100fb) [23]. For
an integrated luminosity of 500 fb−1 per year one can expect O(104) stop pairs per year.
This implies that branching ratio as low as 10−3 can in principle be measured.
We consider first the simplest case of one generation model which, as already men-
tioned, is sufficient to describe the relative importance of the t˜1 → τ+ b decay mode
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relative to the possible 3-body decay modes
t˜1 → W+ b χ˜01
t˜1 → S+k b χ˜01
t˜1 → S+k b ν3
t˜1 → b S0i τ+ , (8)
t˜1 → b P 0j τ+
t˜1 → b l˜+i νl ,
t˜1 → b ν˜l l+ (l = e, µ) .
In general the important final states are those that conserve R-parity. For example, for
the case of decays involving S+k the most important are those in which the scalars mainly
a stau. Due to the fact that the existing bounds on the MSSM sneutrinos are below
100 GeV there exists the possibility that the sneutrino has nearly the same mass as one
of the Higgs boson. Similarly it could be that the charged MSSM boson has nearly the
same mass as one of the staus. This implies large mixing effects even for small R-parity
breaking parameters [34, 35, 47]. We therefore have used the complete formulas for the
3-body decay modes which are presented in the Appendix. The latter include R-parity
violating decays such as t˜1 → W+bν3. In addition to the above mentioned decays there
is also t˜1 → b Z0 τ+. This decay mode is kinematically suppressed compared to t˜1 → b τ+
and there is no possible enhancement due to a mixing with an R-parity conserving final
state. Therefore it can be safely neglected.
In Fig. 1 we show the branching ratios for the t˜1 as a function of cos θt˜ in different
scenarios. In order to calculate the partial width for the decay t˜1 → cχ˜01 we have taken
the formula given in ref. [25]. According to the analysis performed in [32], where the
full calculation was done in the mSUGRA scenario, the result obtained with the present
approximation should be taken as one upper bound. This implies also that the shown
branching ratio for t˜1 → bτ+ can be viewed as a lower bound. The parameters and
physical quantities used in Fig. 1 are given in Tab. I. For the case of Fig. 1(a) we have
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fixed in addition the R-parity violating parameters such that mν ≈ 1 eV. With this choice
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S−2 , and S
−
3 are mainly the MSSM sleptons of the third generation. In the plot we show
the various branching ratios of the lighter stop summing up those branching ratios for the
decays into sleptons that give the same final state, for example:
t˜1 → b νe e˜+L → b e+ νe χ˜01 , t˜1 → b e+ ν˜e → b e+ νe χ˜01 .
The branching ratios for decays into µ˜L or ν˜µ are practically the same as those into
e˜L or ν˜e. Note that the energy spectrum of the leptons in the final will be somewhat
different depending on whether the scalar in the intermediate step is charged or neutral.
This offers in principle the possibility of determining the branching ratios of the different
decay chains even if the final state topology is common. Note, that states containing
scalars or neutralinos will lead to additional jet and/or lepton multiplicities absent in the
MSSM.
In Fig. 1(b) the slepton mass parameters are chosen such that decays into scalars
are kinematically forbidden. Here we display the channels t˜1 → bW+χ˜01, t˜1 → b τ+
and t˜1 → c χ˜01. The remaining modes, such as t˜1 → b S01 τ+, turn out to be completely
negligible. In both cases, with and without sleptons in the final state, one can see that
in general the three body mode t˜1 → bW+χ˜01, dominates except for a somewhat narrow
range of negative cos θt˜. However, the branching ratio for t˜1 → b τ+ is above 0.1% for
most values of | cos θt˜| implying the observability of this mode. Most importantly, note
that even in the parameter ranges where the three-body decay mode is dominant, its
resulting signature is rather different from that of the MSSM due to the fact the lightest
neutralino decays into SM-fermions, leading to enhanced jet and/or lepton multiplicities,
as discussed in detail in [37, 38]. In the remaining part of this section we assume that
3-body decays into scalars are kinematically forbidden.
In Fig. 1(c) the R-parity violating parameters are fixed in such a way that the heaviest
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FIG. 1: Branching ratios for the t˜1 as a function of cos θt˜ for different scenarios. We have
fixed in a) mν3 = 1eV, b) mν3 = 1eV, ME˜ > 225GeV, ML˜ > 225GeV, c) mν3 = 0.06 eV,
ME˜ > 225GeV, ML˜ > 225GeV, d) Branching ratios for the t˜1 as a function of cos θt˜ for
tan β = 3. mν3 = 0.06 eV, ME˜ > 225GeV, ML˜ > 225GeV. All the other inputs are given in
Table I.
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Input: tan β = 6 µ = 500 GeV M = 250 GeV
MD˜ = 370 GeV MQ˜ = 340 GeV Ab = 150 GeV
ME˜ = 210 GeV ML˜ = 210 GeV Aτ = 150 GeV
mt˜1 = 220 GeV cos θt˜ = −0.8 mP 03 = 300 GeV
Calculated mχ˜0
1
= 122 GeV m
χ˜+
1






= 334 GeV m
b˜2





= 107 GeV mS0
2










= 203 GeV mS−
3
= 226 GeV mS−
4
= 311 GeV
me˜L = 215 GeV mν˜e = mν˜µ = 200 GeV
TABLE I: Input parameters and resulting quantities used in Fig. 1.
In Fig. 1(d) we show the same scenario as in Fig. 1(c) but for tanβ = 3. The branching
ratio into bτ now increases, whereas the branching ratio into cχ˜01 decreases. This is easily
understood by inspecting Eqs. (6) and (7). Indeed for the b τ case the partial width is
proportional to h2b , whereas for cχ˜
0
1 it is proportional to h
4
b . This implies that the partial
width for t˜1 → cχ˜01 grows faster with tanβ than the width for t˜1 → b τ . This is also
demonstrated in Fig. 2 where we show the tan β dependence of the branching ratio for
the decay of t˜1 into bτ
+ for several values of the neutrino mass. For mν3 = 0.06 eV the
B(t˜1 → b τ) is still above 0.1% if tan β is not too large, as favored by the explanation
of the neutrino anomalies in this model [13]. As seen from the figure, the the t˜1 → bτ+
branching ratio is also somewhat correlated to the ν3 mass. Should one add a sterile
neutrino to the model [48], then the neutrino state ν3 could in principle be heavier than
assumed above, favoring t˜1 → τ+ b decay mode.
Let us now turn to the general three neutrinos case. There are new features that arise
in this case, as opposed to the 1-generation case considered so far. In this model the
solution to the present neutrino anomalies implies that all the ǫi are of the same order of
14
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FIG. 2: Branching ratios for t˜1 decays for mt˜1 = 220 GeV, µ = 500 GeV, M = 240 GeV, and
mν = 100, 1 and 0.06 eV. The branching ratios are shown as a function of tan β. (cos θt˜ = −0.8)
magnitude [13].
Two furhter important results of [13] are that the atmospheric neutrino angle is con-
trolled by the ratio (ǫ2vd+µv2)/(ǫ3vd+µv3) and that the solar mixing angle is controlled by
(ǫ1/ǫ2)
2. One can get approximate formulas for the decay widths t˜1 → b e+ and t˜1 → b µ+
similar to Eq. (6) by replacing ǫ3 by ǫ1,2. This implies that (i) The decays into b e
+ and
b µ+ are as important as the decay into b τ+. (ii) The decays t˜1 → b e+ and t˜1 → b µ+ are
related with the solar mixing angle. Moreover, we find that
∑
l=e,µ,τ Γ(t˜1 → b l+) in the





i is identified to ǫ
2 in the 1-generation model.
In Fig. 3 we show the ratio of B(t˜1 → b e+)/B(t˜1 → b µ+) versus (ǫ1/ǫ2)2 for different
values of cos θt˜. For definiteness we have fixed the heaviest neutrino mass at the best-fit
value indicated by the atmospheric neutrino anomaly. One can see that the dependence is
nearly linear even for rather small cos θt˜. For | cos θt˜| . 10−2 the approximation in Eq. (6)
breaks down and additional pieces dependent on sin θt˜ [31, 32] become important, leading
to the non-linear dependence. One sees from the figure that, as long as cos θt˜ & 10
−2
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FIG. 3: Ratio of branching ratios: B(t˜1 → be+)/B(t˜1 → bµ+) as a function of (ǫ1/ǫ2)2 for
mt˜1 = 220 GeV, µ = 500 GeV, M = 240 GeV; | cos θt˜| ≥ 0.1, 0.01, 10−3 , mν3 = 0.6 eV.
there is a good degree of correlation between the branching ratios into B(t˜1 → b e+) and
B(t˜1 → b µ+) and the ratio (ǫ1/ǫ2)2. Thus by measuring these branchings one will get
information on the solar neutrino mixing, since tan2 θsol is proportional to (ǫ1/ǫ2)
2 [13]
which makes it a rather important quantity. For the so–called small mixing angle or SMA
solution of the solar neutrino problem we expect t˜1 → e+ b to be negligible. In contrast, for
the large mixing angle type solutions (LMA, LOW and QVAC, see ref. [14] and references
therein) we expect all t˜1 → l+ b decays to have comparable rates. As a result in this
model one can directly test the solution to the solar neutrino problem against the lighter
stop decay pattern. This is also complementary to the case of neutralino decays considered
in [38]. In that case the sensitivity is mainly to atmospheric mixing, as opposed to solar
mixing. Testing the latter in neutralino decays at a collider experiment requires more
detailed information on the complete spectrum to test the solar angle [38]. In contrast
we have obtained here a rather neat connection of stop decays with the solar neutrino
physics.
Note, that this result is much more general than the scenarios discussed in this paper.
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It is of particular importance in scenarios where only the R-parity violating decays and
the decay into χ˜01 c are present [31, 32]. Similarly, the other ratios of the final states b l
+
are proportional to the square of the ratio of corresponding ǫi provided that cos θt˜ is not
too small.
IV. CONCLUSIONS
We have studied the phenomenology of the lightest stop in scenarios where R-parity
violating decays such as t˜1 → b τ+ compete with three–body decays. We have found that
for mt˜1 . 250 GeV there are regions of parameter where t˜1 → b τ+ is an important decay
mode if not the most important one. This implies that there exists the possibility of full
stop mass reconstruction from τ+ τ− b b¯ final states, favoring the prospects for its discov-
ery. In contrast, in the MSSM the discovery of the lightest stop might not be possible at
the LHC within this mass range. This implies that it is important to take into account
this new decay mode when designing the stop search strategies at a future e+e− Linear
Collider. Spontaneously and bilinearly broken R-parity violation also imply additional
leptons and/or jets in stop cascade decays. Looking at the three generation model the
decays into t˜1 → b l+ imply the possibility of probing ǫ21/ǫ22 and thus the solar mixing
angle. This complements information which can be obtained using neutralino decays. In
the latter case the sensitivity is mainly to the atmospheric mixing, as opposed to solar
mixing. In this model neutralino decays is ideal to test the atmospheric anomaly at a col-
lider experiment, while stop decays provide neat complementary information on the solar
mixing angle. Obtaining solar mixing information from neutralino decays would require
more detailed knowledge on the supersymmetric spectrum, since it would be involved in
the relevant loop calculations of the solar neutrino mass scale and mixing angle. By com-
bining the two one can probe the parameters associated with both solar and atmospheric
neutrino anomalies at collider experiments.
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APPENDIX
In this set of appendixes we present the formulas for the lighter stop decay widths and
couplings used in the paper and omitted in previous sections.
APPENDIX A: FORMULAS FOR THE THREE-BODY DECAY WIDTHS
1. The width Γ(t˜1 →W+ b χ˜0i )
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where s = (pt˜1 − pW )2 and t = (pt˜1 − pt)2 are the usual Mandelstam variables. Note, that
−Γχ˜+j mχ˜+j appears in the entries of the integrals GWχ˜+b˜j and G
W
χ˜+t because the chargino is






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The coefficients ai5l are obtained from ai4l by replacing: l
t˜
12 → lt˜13 kt˜12 → kt˜13 OLi2 →
OLi3 O
R




and the coefficients ai6l are obtained from ai4l by replacing:































































































































































































































































































































































/m2W − 1) +m2bm2t˜1(m2b/m2W − 2)












































































































































































































































































































































































































































































































































































2. The width Γ(t˜1 → S+k b χ˜0i )
The decay width is given by



















































































































































































































































































































































































































































































− s,−Γχ˜+j mχ˜+j )
]
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+ iΓb˜1mb˜1)(s−m2b˜2 − iΓb˜2mb˜2)
]}
.




































where s = (pt˜1 − pS+k )
2 and t = (pt˜1 − pt)2 are the usual Mandelstam variables. Note, that
−Γχ˜+j mχ˜+j appears in the entries of the integrals Gχ˜+b˜j and Gχ˜+t because the chargino is
31
exchanged in the u-channel in our convention. The coefficients are given by (no sum upon
repeated index):































































































































































































































































































































































































































































































































































































































































The coefficients ai5kl are obtained from ai4kl by replacing: l
t˜
12 → lt˜13 kt˜12 → kt˜13 QLi2k ′ →
QLi3k
′ QRi2k




and the coefficients ai6kl are obtained from ai4kl by




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3. The width Γ(t˜1 → S0k b χ˜+i )
The decay width is given by













































































































































































































































































































































































































































































































































+ iΓt˜1mt˜1)(s−m2t˜2 − iΓt˜2mt˜2)
]}
.












1, m1 Γ1, m
2









1, m1 Γ1, m
2













































where s = (pt˜1 − pS0k)2 and t = (pt˜1 − pt)2 are the usual Mandelstam variables. Note, that





χ˜+t because the chargino is
exchanged in the u-channel in our convention. The coefficients are given by (no sum upon
repeated index):














































































































































































































































































































































































































































































































































































































































































































































































The coefficients ai5kl are obtained from ai4kl by replacing: l
t˜











and the coefficients ai6kl are obtained from ai4kl by replac-




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Here we give the couplings that were used in sec. A.
The q˜i-q
′-χ˜±j couplings read then











where Uij and Vij are the mixing matrices of the charginos [35].





































− RP 0k3 Vj1Ui3 −RP
0
k2 Vj2Ui1 − RP
0












− RP 0k3Uj3Vi1 −RP
0












k couplings are given by























































 cos θb˜ cos θt˜ − sin θb˜ cos θt˜


























































The couplings t-b-S+ are given by
CSktb = t¯(htR
S±










′ = − Vj2√
2





Nk3 + Uj1Nj2 .
The S+-χ˜−j -χ˜
0
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